Introduction
The Earth's atmosphere contains a variety of long-lived gaseous species that reflect emissions at the surface. Chlorofluorocarbons (CFCs), as well as other chlorine-and bromine-containing species, are emitted at the Earth's surface and carried to the stratosphere, where they are destroyed by photochemical processes, liberating chlorine (C1) and bromine (Br) radicals [Molina and Rowland, 1974 [Vedder et al., 1983] .
We describe a new airborne GC that operates onboard the NASA ER-2 high-altitude aircraft. The instrument expands and improves upon the design of the first ACATS GC that operated on the ER-2 aircraft as a one-channel electron capture detector (ECD) for CFC-11 and CFC-113 [Woodbridge et al., 1995] .
ground-based measurements show that the growth rates of The new GC incorporates a number of features that are useful principal CFCs are declining as a result of the United Nations
Montreal Protocol [Elkins et al., 1993] . As greenhouse gases, the growth of CFCs, N20, and CH4 emissions are included in scenarios used to evaluate global warming [IPCC, 1995] . In the stratosphere, N20 and C H 4 are source gases for reactive nitrogen (NOy) [Fahey et al., 1990] and water vapor (H20), respectively.
Defining the distribution and growth rates of these various long-lived species requires the use of instrumentation that has Table 1 ). Individual channels can be configured by selecting different GC columns and sample loop volumes to measure the following combination of species (see Table 1 40.0øN, 105.5øW, 3013 m) in pressurized, (9 kL at STP) aimhinton (Luxfer, Riverside, CA) gas cylinders treated with Aculife-IV (Scott Specialty Gases, Plumsteadville, PA) to improve stability of some species. The air in these tanks contained either mid-tropospheric or lowerstratospheric mixing ratios of each species, where the latter is obtained from the former by diluting with zero air (see Table 2 ). The resulting secondary standards are calibrated against gravimetric standards on a laboratory GC. Absolute error is estimated as the variation among individually prepared gravimetric standards noted in Table 2 . After every injection of a sample from the calibration tank, four ambient air samples are analyzed and this calibration cycle is repeated throughout the flight, resulting in a calibration every 15 min on channels 1, 3, and 4, and every 30 min on channel 2.
By selecting the position of the SSV, the sample loops are provided with either ambient air, zero air, or a calibrated standard mixture. Zero air, sampled every 2 hours, provides an instrument blank as an aid in detecting and correcting for contamination. Although the sample loops were connected in series, no contanfination or dilution of the sample from the carrier gases was observed in the zero air. Cycles that send calibration gas or zero air to the sample line through the pump are used to correct for contamination peaks (<5 ppt) coeluting with CFC-113, CH3CCI3, and CCI 4. A calibration curve is generated once in the first half of the flight by using one standard mixture and varying the pressure of the gas in the sample loop (R. Weiss, private communication, 1995) during four separate calibration injections (ranging from 80 to 110% of normal sample loop pressure). This pressure calibration curve was used as a measure of detector linearity during each flight. The flight curve compared within a few percent with our calibration curve generated using 5-8 secondary standards that were mn on the ground spanning the range of observed mixing ratios. Mixing ratios were calculated by con]paring the sample and standard responses, and correcting for the non-linearity using the ground calibration curve from our NOAHchrom programs created with Igor Pro software (WaveMetrics Inc., Lake Oswego, OR). A wide variety of scientific issues can be addressed by the large group of species measured by AC, ATS-IV. The 5 C1-and 1 Br-containing species compose about 80% of total organic C1 and about 12-18% of total organic Br entering the stratosphere, respectively. The remaining organic halogen-containing species can be estimated from other measured trace gases using correlations between long-lived species. These correlations, derived either froin previous observations or from models, permit the calculation of total organic and inorganic C1 [Woodbridge et al., 1995] and Br. ACATS-IV also measures specie s with a range of atmospheric lifetimes from-5 yr for CH3CC13 to --3200 yr for SF6 (Table 2 ). The measurement of SF6 permits the calculation of the mean age of an air mass because of its long lifetime and linear growth rate (--0.28 ppt yr-]) [IPCC, 1995] . At the maximum altitude of the ER-2 aircraft (--21 km), the average age of the midlatitude air samples in Figure 3 is about 3.5 yr, while for the tropics the age is less than 1.5 yr. The correlation slope between two long-lived species yields the ratio of their stratospheric lifetimes [Plumb and Ko, 1992] . When the correlation includes a species for which the lifetime is wellestablished (e.g., CFC-11 at about 50 yr, [WMO 1995] ) the lifetime of the other species can be determined. When combined with separate ER-2 measurements of H20, the ACATS-IV measurements of C H 4 and H2 can constrain the total hydrogen budget in the lower stratosphere. In Figure 3 , H 2 shows very lithe variability during the flight, and is inversely correlated with C H 4. These, and other issues will be developed in forthcoming publications using the ASHOE/MAESA data set.
Results and Discussion

ACATS-IV test flights occurred in
